Regulation of iron absorption by duodenal enterocytes is essential for the maintenance of homeostasis by preventing iron deficiency or overload. Despite the identification of a number of genes implicated in iron absorption and its regulation, it is likely that further factors remain to be identified. For that purpose we used a global transcriptomic approach, using the CaCo-2 cell line as an in vitro model of intestinal absorptive cells. Pangenomic screening for variations in gene expression correlating with intracellular iron content allowed us to identify 171 genes. One hundred and nine of these genes are clustered into 5 types of expression profile. This is the first time that most of these genes have been associated with iron metabolism. Functional annotation of these 5 clusters indicates potential links between the immune response, proteolysis processes and iron depletion. In contrast, iron overload is associated with cellular metabolism, especially that of lipids and glutathione involving redox function and electron transfer.
Introduction
Iron is essential for all living organisms because it participates in many reactions involved in key processes including oxygen transport, electron transfer and DNA synthesis… However, iron can be toxic, if present in excess, by generating oxidative radicals. Iron homeostasis therefore needs to be tightly controlled to prevent oxidative stress that affects cell integrity.
Iron is absorbed in the duodenum by absorptive enterocytes located in the villus of the intestinal epithelium. Iron is available in two forms: heme-bound iron and non-heme iron. Heme-bound iron is more efficiently absorbed than non-heme iron and enters enterocytes by a specific pathway (39) that involves an intestinal heme transporter (HCP1) (35) . Non-heme iron is first reduced by CYBRD1 (DCYTB) (26) and carried out by the DMT1 transporter (SLC11A2/Nramp2) (16) . Once intracellular, iron can be either stored in Ferritin or exported by the Ferroportin 1 transporter (SLC40A1/IREG1) (8) . Exported ferrous iron is then oxidized by Hepahestin (12) before readily binding to circulating transferrin.
Body iron homeostasis is tightly regulated, with three described regulators controlling iron absorption, since excretion is not regulated (32) . A dietary regulator has been proposed, implying a local iron absorption regulated by enterocytes according to the intracellular iron level (13) . A second mechanism still uncharacterized, the erythropoietic regulator, adjusts intestinal iron absorption in response to erythropoiesis needs regardless of body iron stores. The store regulator has been described to explain iron absorption regulation according to iron stores. It links the liver, the reticulo-endothelial system and the duodenal absorptive epithelium. Recent work, using HeLa and HEK293 cells, has demonstrated that Hepcidin binds to Ferroportin 1 leading to its internalization (31) . Because Ferroportin is expressed in macrophages, hepatocytes and enterocytes, Hepcidin is expected to block iron export form these cells. Hepcidin gene expression is induced by iron overload in mice and is facilitated by the HFE protein (1) . The inhibitory function of the HFE protein in the duodenum is unclear. It may interact with the Transferrin receptor protein (TfR) (10) within the duodenum crypt cells where it may act as a body iron sensor (40) .
Misregulation of iron absorption can lead to iron deficiency or iron overload, and hemochromatosis is one of the most common diseases. This primary iron overload is characterized by an excessive iron absorption and appears to be genetically heterogeneous: at least 5 genes have already been implicated (33) . The most common form is type-1 hemochromatosis due to mutations in the HFE gene. The C282Y mutation has been identified as the major causative mutation (9) , but the clinical penetrance of C282Y homozygosity appears very low, suggesting that other factors might modulate the clinical expression of type-1 hemochromatosis (4).
To identify new genes whose expression varies according to iron level, we used a global transcriptomic approach. Microarray technology allows the characterization of genes or gene networks according to their transcriptional profiles, observed in different biological conditions. Recent works using dedicated microarrays for iron metabolism, have been reported for a restricted set of potentially interesting genes (29) . The aim of our study is to identify genes potentially involved in novel mechanisms of iron metabolism regulation. We used CaCo-2 cells treated either with an iron-free medium or with a hemin-supplemented medium, mimicking iron overload. The screening of 18.000 human genes using pangenomic microarrays, led to the identification of unexpected iron-dependent genes.
Materials and methods

CaCo-2 cell culture
CaCo-2 cells were grown in Dulbecco's modified Eagle's medium (DMEM) containing 10% heat-inactivated fetal bovine serum (FBS), 1 X non-essential amino-acids, 2 mM L-glutamine and were seeded onto 75 cm 2 area flasks and were allowed to differentiate for 18 days post-confluence before iron treatment. The culture medium was changed every two days.
Fully differentiated CaCo-2 cells were subjected to various treatments by using different culture media: (i) DMEM containing 10 % FBS (DMEM-FBS), (ii) DMEM containing 10 % FBS and 100 µM hemin (DMEM-Hemin) (Sigma, Munich, Germany), (iii) IMDM (Iscove's modified Dulbecco medium, Gibco BRL) supplemented with insulin (5 mg/l), apo-transferin (5 mg/l), sodium selenite (0.005 mg/l), triiodothyronine (0.034 mg/l), epidermal growth factor (0.020 mg/l), hydrocortisone (4 mg/l), 1 X non-essential amino-acids, 2 mM L-glutamine and 100 IU/ml antibiotics (penicillin and streptomycin) (14) (SF-0), (iv) IMDM supplemented as described above, with 4.4 µM ferric ammonium citrate (FAC 28%, Merck, NJ, USA) (SF-FAC). Cells treated with hemin for 24h (DMEM-Hemin) were compared to cells treated with the same medium without Hemin (DMEM-FBS). Cells cultivated in the iron-free medium for 48h (SF-0) were compared to those treated with iron-free medium supplemented with FAC (SF-FAC). Three independent culture experiments were performed for each culture condition. The non-heme iron concentration in each medium was determined by a colorimetric assay using TPTZ chromogen (Olympus, Olympus 
Determination of intracellular ferritin levels
A chemiluminescent assay was used to determine ferritin levels. Briefly, pellets containing one million cells were lysed in 20 mM Tris (pH 7.4) containing 0.5 % Triton and supplemented with 1 X antiprotease solution (Protease inhibitor cocktail, Roche, Penzberg, Germany) and the samples were processed for chemiluminescence assay using the ADVIA centaur ® System (Bayer diagnostics, France) according to the manufacturer's instructions. The total protein concentration, against which the ferritin level is reported, was evaluated using the Bradford method (BIO-RAD protein assay, Munich, Germany). Ferritin levels are expressed as nanograms of ferritin per milligram of total proteins.
Target preparation and microarray hybridization
Total RNA from CaCo-2 cells was isolated using the TRI REAGENT kit (Sigma, St. Louis, MO, USA) according to manufacturer's instructions. RNA was quantified with the Nanodrop® ND-1000 spectrophotometer (NanoDrop Technologies, Inc., Rockland, Del, USA), and RNA integrity was assessed with RNA 6000 Nano LabChip Kit using the Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA, USA). Only RNA with a RNA Integrity Number (RIN) higher than 9.6 was processed for labeling (2100 expert software, Agilent Technologies). Each total RNA extract constituted a test sample and an equimolar pool of all RNAs was used as the reference sample.
RNA samples (tests and reference) were labeled using the Agilent Low RNA Input Fluorescent Linear Amplification Kit (5184-3523) according to the manufacturer's instructions. Briefly, hybridized targets consisting of amplified and fluorescent-labeled cRNA were obtained by reverse-transcription, starting with 500 ng of total RNA, and then concomitant amplification and labeling involving T7-polymerase in vitro transcription. Test samples and reference samples were labeled with Cyanine 5-and Cyanine 3-labeled CTP (10 mM, Perkin-Elmer/NEN Life Science (NEL 580, 581), Boston, MA, USA), respectively. Cyanine 5-and Cyanine 3-labeling were monitored with the Nanodrop ® ND-1000 spectrophotometer, and was in all cases between 1.0 and 
Data acquisition and processing
Microarrays were scanned with a dynamic autofocus microarray scanner (Agilent dual laser DNA microarray scanner (G2566AA), Agilent) using Agilent parameters. Feature Extraction software 7.5 The microarray data have been uploaded to the Gene Expression Omnibus (GEO) database (series no. GSE3573 and sample nos. GSM81961-GSM81972).
Selection of differentially expressed genes
The SAM (Significance Analysis Microarrays) method (37) was used to select differentially expressed genes by comparing triplicate data obtained with one treatment to a second set of triplicate data obtained with another treatment (Two class unpaired data). Genes with 2 missing values per triplicate for each treatment were discarded for these analyses, otherwise missing values were replaced using the K-nearest neighbors calculation method with k=10. Genes were identified that were differentially expressed with a False Discovery Rate (FDR) less than 0.08 and only genes showing a difference of more than 1.5 fold were used for subsequent clustering analysis.
Hierarchical Clustering
Hierarchical clustering was performed using the GeneSight 3.0 software (Biodiscovery, Inc., Marina Del Rey, CA, USA) (average linkage clustering using Pearson's correlation as similarity metric). Only genes selected by SAM as described above were used for hierarchical clustering. 
Functional annotation
Real-time quantitative RT-PCR assay
Total RNAs were used for quantitative RT-PCR. The "high-capacity cDNA archive kit" (Aplied Biosystems, Foster City, CA, USA) was used for reverse transcription, and the SYBR Green PCR master kit (Applied Biosystems) for quantitative PCR. Gene expression was analyzed with the ABI Prism 7000 sequence detection system and results were handled with the associated software (version 1.2; Applied Biosystems). The 18S ribosomal RNA subunit was used as the internal reference for all analyses. Differences in transcript level were determined using the cycle threshold method as described by the manufacturer. mRNA levels are expressed as the Log (base 2) of the ratio of the studied condition to the DMEM-FBS condition. Pairs of treatments (SF-0 vs. SF-FAC, DMEM-FBS vs. DMEM-Hemin) were compared with the Wilcoxon-Mann-Whitney test and p<0.05 was considered to be statistically significant.
The following forward (F) and reverse (R) primers were designed using the Primer Express ™ software (version 2.0-PE Applied Biosystems ® ). Primer specificity was assessed from the monophase dissociation curves and all were similarly efficient (data not shown) ( Table 1) .
Results
To investigate the transcriptional response of CaCo-2 cells to iron treatments, differentiated cells were grown, for 24 or 48 hours, in media containing various different iron contents. Hemin (100 µM) in DMEM 10% FBS medium (DMEN-FBS and DMEM-Hemin) was used to study response to heme-iron overload; CaCo-2 cell culture in an iron-free medium (SF-0) was compared to culture in the same medium supplemented with 4.4 µM of FAC (SF-FAC) to study the effects of iron deficiency.
Iron status of cells
Intracellular ferritin was very much more abundant (90 fold) when Hemin was present in the basal medium (DMEM-Hemin Vs DMEM-FBS). Ferritin was 9-fold less abundant in iron free medium than in the FAC-supplemented medium (SF-0 Vs SF-FAC). Ferritin abundance was higher in SF-FAC medium than in DMEM-FBS medium despite the two having the same iron concentration.
This suggests greater import when iron is provided to the cells as ferric iron citrate ( Fig. 1 ).
Data analysis and statistical methods
We computed the Pearson correlation coefficient for expression ratios between all the arrays to check that differences between biological replicates of the same condition were smaller than those between different conditions. The Pearson correlation coefficient for replicate arrays (i.e. targets from 3 independent culture experiments) was ≥ 0.89 in all but one case (0.87). The exception was one of the DMEM-FBS culture condition triplicates, and considering this result less reproducible, this array was excluded from subsequent analyses.
After slide normalization by Linear&Lowess and features filtering, Cy5/Cy3 log ratios for the 12 arrays displayed an identical distribution. The box plots are centered on zero and have fairly similar spreads (data not shown), indicating that relative expression levels are similar in each array. We therefore did not normalize the arrays for scale (i.e. mean center and normalization genes and/or arrays) (42).
Microarray results
To select genes of interest, we performed 3 different SAM two-class analyses: we compared pairs of different iron-related culture conditions (Table 2 ). Two hundred sixty one genes showed a significant change in expression in response to hemin treatment ( Table 2 , SAM 1). Among the 215 overexpressed genes, the gene coding for the heme-oxygenase enzyme displayed the highest change. One hundred sixty eight genes were differently expressed in cells cultivated in iron-free medium and FAC-supplemented medium. Most, including the transferrin receptor encoding gene (TFRC), were overexpressed (128) in iron-free medium ( Table 2 , SAM 2).
We classified culture conditions into two groups according to intracellular ferritin levels: (i) the high ferritin situation consisting of DMEM-Hemin and SF-FAC culture conditions; and (ii) the low ferritin situation including DMEM-FBS and SF-0 culture conditions (Fig. 1 ). The effects of intracellular iron, assessed by ferritin concentration in the cells, were studied by comparing high ferritin and low ferritin situations (Table 2 , SAM 3). SAM analysis identified 74 genes displaying a significant difference of expression in these two situations. They included several genes for members of the metallothionein family which were overexpressed in high ferritin situation.
In total, the 3 SAM two-class analyses highlighted 461 genes with a significant difference in their expression according to iron status within differentiated CaCo-2 cells. However, only 171 genes displayed differences in expression between two situations up or equal of 1.5 fold or more ( Table 2, column b).
Clustering analyses
Hierarchical clustering was performed using the 171 genes selected by SAM and with an expression change > 1.5 fold. The resulting hierarchical clustering tree indicated that biological replicates grouped together (Fig. 2a) . Furthermore, conditions with similar iron content (i.e. SF-FAC and DMEM-FBS) clustered in a same sub-branch. In contrast, the hemin iron overload condition clustered independently indicating that it produced characteristic transcriptome modifications. It is interesting to note that SF-FAC and DMEM-FBS conditions cluster in the same branch although they are associated with high (SF-FAC) or low (DMEM-FBS) intracellular ferritin concentrations. It is likely due to a higher number of differential expressed genes selected by SAM1 analysis. Thus, in a biological point of view, our data suggest a higher contribution of hemin overload in the transcriptome variations of CaCo-2 cells.
We focused on branches of the hierarchical clustering tree, each of which corresponds to a different profile of expression behavior towards iron cell content. Five gene clusters were defined (Fig. 2b) .
Cluster 1 corresponds to the 10 genes of a single branch with changes in expression correlating with intracellular ferritin levels. Most of them are metallothionein (MT) family genes (Table 3) . Cluster 2 corresponds to the 60 genes overexpressed in the hemin condition. Cluster 3 consists of 6 genes with lower expression in hemin condition. Cluster 4 includes 15 genes whose expression is inversely correlated with the intracellular ferritin content. Cluster 5 corresponds to 18 genes overexpressed in iron-free medium ( Fig. 3a and Table 3 ). Considering iron metabolism, genes are found in various different clusters: the transferrin receptor gene is included in cluster 4, heme oxygenase 1 and haptoglobin genes are found in cluster 2 and are overexpressed in hemin condition, and the aminolevulinate delta synthase 1 gene is in cluster 3 with genes that are down regulated in hemin condition.
Quantitative RT-PCR
To confirm the gene expression variations identified by the microarray experiments, selected genes were tested by quantitative RT-PCR. The genes were selected according to their potential biological pertinence to iron metabolism and size of the differences in expression. At least 13% of the genes in each cluster were tested (Fig. 3b) . Cluster 1 validation included the analysis of the expression of NQO1 and the MT family genes. The NQO1 gene was overexpressed in the hemin condition but no significant (p> 0.05) overexpression in the SF-FAC condition was detected. Although the metallothionein family 1 (MT1) and 2 (MT2) genes are addressed with 16 distinct 60-mer probes, the overall high sequence similarity (>85% identity) of the 11 MT1 genes and the MT2 gene does not allow gene-specific hybridization. We therefore used primers named MT1n for Q-RT-PCR.
These primers amplify several members of the MT1 family. MT1n genes were overexpressed in SF-FAC and DMEM-Hemin conditions (high intracellular levels of ferritin) relative to the SF-0 and DMEN-FBS conditions (low intracellular levels of ferritin). We then used primers specific for the genes for the MT2A, MT1E, MT1X (27) and MT1K isoforms. All MT genes were overexpressed in the high ferritin situation, except that MT1X expression was not significantly higher due to a high expression level in the iron depletion condition. Moreover, MT1X and MT2A did not display the lowest expression observed for the other tested MT genes (Fig. 3b, cluster 1 ). The 8 genes tested in cluster 2 showed an overexpression in hemin condition (Fig. 3b, cluster 2) . We used GSTAn primers, which amplify concomitantly various different genes for members of the Glutathione S-transferase A family. Three of the 4 genes tested (PCK1, DDIT4, ALAS1) in cluster 3 were underexpressed in the hemin condition; the difference in STC2 expression was not significant despite lower expression in this condition (Fig. 3b, cluster 3) . Genes in clusters 4 and 5 displayed similar gene expression differences as assessed by real time PCR (Fig. 3b, cluster 4 and 5) . To conclude, quantitative RT-PCR results confirmed the microarray data. Although some of the variations were small, the tendency was respected and most of the results (87.5%) were statistically significant (p< 0.05).
Functional annotation
Functional annotation was performed to identify GO terms, associated with each of the 5 gene clusters related to iron conditions. For each cluster, annotations are displayed as a DAG (Directed Acyclic Graph) of GO terms retrieved from GOTM. This annotation was limited to the biological Process of the GO hierarchy, named GO Process terms. Enriched GO Process terms are those with significantly enriched gene number retrieved from gene clusters by comparing to a reference gene set, leading to highlight terms that may be more relevant for the previous gene set (44).
Of the 18 genes in cluster 5, 17 were associated with a GO Process term. The corresponding DAG displayed the 12 enriched GO Process terms annotating 14 genes which are spread in 2 main branches ( Fig. 4c ):
-The immune response pathway included 8 enriched GO Process terms associated with 2 to 5 genes. These 5 genes are biologically linked to the immune response, and 2 of them are also annotated with children terms specifying the "humoral defense mechanism" and "antimicrobial humoral response".
-The second main branch led to the "proteolysis and peptidolysis" enriched GO Process term. Two enriched GO Process terms were associated with 3 genes coding for proteins with protease functions (MMP7, TMPRSS4) or involved in protein ubiquitination targeting protein to proteasome degradation (UBD). Interestingly, 2 genes appeared indirectly linked to the immune response: UBD is encoded in the CMH complex and is synergistically inducible by TNFa (tumor necrosis factor alpha) and interferon g (18); the MMP7 gene encodes a metalloproteinase, implicated in intestinal mucosal defense, by cleaving defensin precursors into a mature form and thereby regulating defensin protein (antimicrobial peptides) activity (41) .
In addition to the two main branches, cluster 5 is also linked to more general enriched GO Process terms: "cell communication" and "growth" linked to 10 and 2 genes, respectively.
Cluster 4 contains 15 genes overexpressed in low ferritin situation. Nine of these 15 genes are associated with a process in the GO hierarchy. Six genes participated to the enrichment of 11
enriched GO Process terms and the resulting DAG (Fig. 4b ) displayed 2 mains branches:
-Again "proteolysis and peptidolysis" pathway included 8 enriched GO Process terms which were associated with 3 genes and, a branch highlighting the "ubiquitin cycle" enriched GO process term associated with 2 genes. The TFRC gene is indirectly associated with "proteolysis and peptidolysis", describing the proteolysis process of TfR in soluble TfR (TfRs). FBXL4 encodes a member of the F-box protein family, which is one of the four subunits of the ubiquitin protein ligase complex called SCFs (SKP1-cullin-F-box) involved in phosphorylation-dependent ubiquitination.
Association of the C9orf43 and RNF186 genes with "proteolysis and peptidolysis" results from electronic inference.
-The second main branch displayed "ion transport" and particularly "metal ion transport" enriched GO Process terms associated with 3 and 2 genes, respectively: SCN10A encodes a protein that mediates the voltage-dependent sodium ion permeability of excitable membranes; CLIC5 encodes a intracellular chloride channel; and the protein encoded by TFRC gene mediates the cellular uptake of iron via receptor-mediated endocytosis of its ligand transferrin.
The 6 genes in cluster 3 retrieved only 2 general enriched GO Process terms: "biosynthesis" and "cellular biosynthesis" associated with 2 genes: PCK1 and ALAS1 (Fig. 4d) .
Cluster 1 is mostly composed of the MT family genes, and consequently not functionally annotated.
The MT family encodes proteins with high content of cysteine residues involved in binding various -2 sub-branches derived from the "metabolism" enriched GO Process term. One branch stopped at the process term "cellular lipid metabolism", which is associated with 5 genes. Four of these 5 encode reductase, hydrolase, or lipid desaturase (bile acids, glucocerebrosides, steroids, fatty acids) enzymes and 1 encodes a nuclear receptor family member, activated by bile acids, steroids, and drugs, and which induces human CYP3A4 and CYP7A1. The second sub-branch "cellular metabolism" includes 11 enriched GO Process terms associated with 9 genes and stopped at the GO Process term "cysteine metabolism". Seven of these 11 terms are linked to the GCLM and GCLC genes, coding for the two subunits of the first rate-limiting enzyme of glutathione synthesis, the gamma-glutamylcysteine synthetase (GCL). The 4 other terms are "organic acid metabolism", "carboxylic acid metabolism", "cofactor metabolism" and "glutamine family amino acid metabolism". The molecular functions of the 9 annotated genes are mostly associated with redox phenomena and electron transfer, strongly suggesting that iron excess lead to electron transfer within the cells.
Discussion
For our analysis of variations of intestinal transcripts in response to iron, we used the CaCo-2 human enterocyte-like cell line, a widely used model of intestinal epithelial cell differentiation and absorption phenomena (17) . CaCo-2 cells contain all the proteins implicated in iron uptake, trans-epithelial transport and basolateral transfer (3). Moreover, their iron absorption capacity responds to variations in the cellular iron content by adapting gene expression at the transcriptional or translational levels (15) (25).
We used an iron-and serum-free medium rather than an iron chelator for iron depletion in CaCo-2 cells, to avoid any potential non specific transcriptomic effect of the chelator. The effects of iron depletion were compared to those of serum-free medium supplemented with ferric ammonium citrate. To study iron overload in cells, we preferred to use the serum-containing medium previously used during the differentiation process. Measurements of the intracellular ferritin concentration correlated with the expected intracellular iron content, and were also in agreement with the various culture conditions. Nevertheless, despite an identical iron concentration in culture media, the ferritin level in SF-FAC was seven times higher than that in DMEM-FBS, which in turn was slightly higher than that in SF-0. The ferritin level was higher in the hemin condition than in FAC (Fig. 1 ). This suggests that hemin enters in cells more readily than non-heme iron and led to a significant iron overload as assessed from the intracellular ferritin level.
Analyses of micorarrays revealed that less than 1% (171 genes) of the 18,000 transcripts tested were affected by iron status (SAM analyses with a FDR < 0.08 and a fold change > 1.5). We distinguished 5 gene clusters, with distinct expression profiles according to iron status. Quantitative
RT-PCR validated the microarray findings for these transcripts, and consequently these clusters appear to be experimentally robust. Indeed, correlation between microarray and RT-PCR data was excellent (0.96) confirming the accuracy of the microarray technology used. The 5 identified clusters can be considered to be biologically significant because they all (except for cluster 5) included genes whose expression is in complete agreement with the literature. Indeed, the increase of TFRC (29) expression in condition of iron depletion, and the increase of HMOX1 (38) and the decrease of ALAS1 (30) in hemin overload condition have already been described elsewhere.
However, the up-regulation in iron depletion condition previously reported for the Hephaestin and Ferroportin 1 genes (5) was not found to be significant in our experiments, although small variations were observed. In our experimental conditions, DMT1 expression was unchanging but the corresponding probe hybridized all splice variant forms of DMT1 mRNA. However, RT-PCR analysis using DMT1 splice variant-specific primers confirmed expression data previously reported for DMT1 (data not shown) (19) . Unfortunately, the CYBRD1 gene could not be analyzed since no corresponding probe was present in the 22K microarrays.
By inducing hypoxia, iron depletion is believed to activate the transcription factor HIF-1 (Hypoxia -inducible factor) in cells. Only 5 of the 60 putative HIF-1 target genes described by J.W. Lee et al. New genes included in cluster 2 (genes over-expressed in the hemin condition) are likely to be also involved in iron-induced stress response. These genes have yet to be characterized by biological experiments at the mRNA and protein levels.
We expected from these analyses to give new insights into the understanding of iron homeostasis and the iron regulation network and to identify new putative target genes implicated in iron metabolism regulation. RT-PCR for each cluster. Numbers on the right of the cluster correspond to those indicated in brackets on the graph. PCR was performed in triplicate for each RNA sample with SyBr Green and specific primers for each gene. We performed all analyses using 18S ribosomal RNA as a reference.
Results are expressed as the Log (base 2) of the ratio of the condition tested to the DMEM-FBS condition.
a MT1n corresponds to primers amplifying a sequence common to MT1K, MT1J and MT1E. b GSTAn corresponds to primers amplifying a sequence common to GSTA1, GSTA2 and GSTA5.
* significant with p<0.05 (Wilcoxon-Mann-Whitney test). Hypergeometric test was used as the statistical method to select enriched GO Process terms with at least two genes and with a significant level with p< 0.05 (enriched GO Process terms are in blue).
Only genes associated with the more informative enriched GO process terms are indicated. 
